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The beginning of metamorphosis in an ascidian tadpole is marked by the 
retraction of the axial structures in the tail. After the tail has been taken com-
pletely into the trunk, the fate of the caudal contents, such as notochord, muscle 
etc., is still obscure. Recently, one of the authors {HIRAI 1963) reported that 
tadpoles kept at a low temperature showed the trunJ, metamorphosis to some 
degree without retraction of the tail, and that metamorphosis proceeded further 
when retraction of the tail was induced by Nile blue staining. 
In the present study, observations were made on the changes in the submicros-
copic structure especially in musCle cells in the tail before and after the onset of 
metamorphosis. And measurements were made of the activities of adenosinetri-
phosphatase (ATPase) in 0.6M KCl-soluble protein associated with a contractile 
protein. ,. 
MATERIAL AND METHODS 
The ascidian, Ohclyosoma siboya OKA, was collected in the vicnity of the Asamn-
shi Marine Biological Station, Aomori, in December. Eggs and sperm were obtai-
ned by natural spawning before noon. 
The free-swimming tadpoles and the larvae with completely retracted tails 
were fixed in a one per cent solution of osmium teroxide prepared with filtered sea 
water for 40 minutes at 4 'C. The fixed materials were dehydrated rapidly in ~ 
graded series of alcholos and embedded in an.8 to 2 mixture of butyl- and methyl-
methacrylates. Sections were made with an ultramicrotome (JUM-4) .and 
observed with an electron microscope (JEM-T6, Japan Electron Optics Co.). 
For the assay of ATPase activity, the larvae at various stages, viz .. tail-bud, 
pre: hatching, free-swimming and retracted tail stage, were. used. The larvae were. 
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cultured at ll to 13'0. They were homogenized in 5 ml of Weber-Edsall solution 
(0.6 M KCl, 0.01M Na2003, 0.04M NaHC03). After having been kept iu a refrigerator 
for 10 hours at 4'C, the homogenate was centrifuged at 10000Xg for 30 minutes. 
The supernatant was used for the experiment as the enzyme solution of ATPase. 
The ATPase reaction was tested in a 5ml mixture containing 4mM tris-maleate 
buffer solution (pH 8.0), 6 mM KCl, 50r•M ATP and 1 ml of the enzyme solution. 
The mixture was incubated for one hour at 30'C. The reaction was stopped by the 
addition of 1 ml of 20 per cent trichloroacetic acid. Liberated inorganic phosphate 
was assayed by the method of FISKE-SUBBAROW (1925). The concentration 
of protein was determined by the procedure of LOWRY et al (1951). ATPase activity 
was expressed as l"g of inorganic P released from the ATP per 1 mg of protein or 
dry weight in the enzyme solution per incubation for one hour at 30'C. 
RESULTS AND DISCUSSION 
Electron Microscopic Observations 
(a) Tail of free-swimming tadpole 
1. Tunic It is shown with a light microscope that the body is covered with 
a transparent, gelatinous tunic which sometimes is called the. test or mantle. 
According to MACBRIDE (1914), the tunic is secreted by the ectoderm and 
contains certain cells (test cells) budded from the ectoderm. 
Electron microscopic observations revealed that the tunic is composed of two 
coats, which are marked off by a thin, smooth and electron opaque boundary 
membrane. The outer coat consists of three layers, whereas the inner coat of a 
single layer (Figs. 1, 2). The outermost layer of the former has a high electron 
density and is about 0.1r• thick (Fig. 3). The second layer, which seems to be 
composed of fibrous lamellae, is more or Jess electron opaque, and is about 21' thick 
(Figs. 2, 3). The third layer, varying in thiclmess from 5 to 10!<, seems to be the 
ground substance of the outer coat. Sometimes, free cells are found in this layer. 
At the bottom of the third layer, there are irregular heaps or groups of electron 
dense porous granules which are occasionally scattered in the upper part of the 
layer (Figs. 2, 4). The inner coat is slightly more electron opaque than the 
outer coat, and its thickness varied from 2 to 101'. The inner coat is separated 
from the epidermis by a thin membrane. 
2. Ectoderm The ectoderm is a single layer of epidermal cells containing 
conspicuous endoplasmic reticula (Fig. 5). Other visible cell components in the 
epidermal cells are vesicles, small granules, mitochondria and large granules. 
Occasionally, free cells are seen underneath the ectoderm on the proximal end of 
the tail (Figs. 6, 7). They have several vacuoles either with tiny fialmentons 
inclusions (Fig. 6), or with no inclusions (Fig. 7). This might indicate that the 
inclusions in the vacuoles is some kind of a secretory substance. 
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3. Muscle The tail muscle of the ascidian seems to be a typical straited 
muscle. It consists of two parts, being arranged bilateraly around the notochord · 
and each part is composed of three layers of muscular cells." No myofibrils are seen 
in the adjacent periphery of the muscle cells, where the two parts of the muscle are 
in contact with each other (Fig. 8). Fig. 9 is a slightly oblique cross section of a 
myofibril. The diameter of the myofilament is approximately 100A and the in-
terval between the filam~nts is about 80A. Fig. 10 shows the arrangement of the 
transverse myofibril.s in the peripheral region of a cell. The long axis of the cross 
section measures 0.7-1.01' and the short axis 0.4-0.7r.<. Mitochondria and located 
closely in the endoplasm of the cell. Lipochondria-Jilce granules and vesicular endo-
plasmic reticula are also found. One sarcomere of the myofibril is about 1.351' 
in length and 0.371' in width (Fig. 11). The length of each substructure in a 
sarcomere unit is as follows: Z-line 38oA, !-band 1700 A, A-band llSOOA H-line 
1000A and M-subline 250A. The myofibril structure of the tadpole of Ohelyosoma 
siboya is quite similar to that of higher animals, except for that M-subline of the 
myofibril contains two lines. 
4. Notochord The notochord is a tubular structure which runs longitudinally 
in the tail. It consists of about 20 units of the cylindric structure (Figs. 12, 13). 
The unit is about 401' in length and about 151' in diameter. The structure of the 
notochord is divided into three parts, the external, the internal and central part, and 
it is surrounded by the chordal membrane of 0.02r• in thickness. The chordal shea-
th seems to be composed of the external part and the internal part. The external 
part is filled with small particles. In some sections, a few mitochondria, large 
granules and vacuoles including tiny fibrous elements are found (Fig. 14). The 
internal part has a number of vacuoles and large grnaules and a few mitochondria 
(Figs. 13, 15). The large granules aggregate, making a mass, in some places of the 
internal part Since the granules show a low affinity to osmium, they do not seem 
to be lipid-rich granules. CowDEN and MARKERT (1961) found cytochemically 
that in the tail-bud stage the notochord is filled with the granules of portein nature, 
but with development of the notochord the number of the portein granules are 
reduced, and then the notochord becomes to contain highly PAS-positive substances. 
No inclusions are observed in the central part of the notochord (Fig. 12). From the 
findings by CowDEN and MARKERT, this part may be considered to be composed of 
some kind of chordal flnid, such as PAS-positive substances which are difficult to 
fix with osmium. 
(b) Tail after retraction into trunk 
WILLEY (1893) reported that when the axial structures in the tail of Oiona 
intest:inalis disappear into the trunk, the notochord, nerve cord and muscle are 
bent, becoming fragments, by the contraction of the ectoderm of the tail, and that 
the fragments are rapidly devoured by wandering cells. · BERRILL (1929) also 
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reported that in Boltenia i,irsuta and other species the destruction of the tail 
during metamorphosis is effected primarly by phagocytes, In the present study, 
phagocytic cells are not found in any place and remarkable changes of the 
components within the muscle cell are observed. Lipochondria-like granules in the 
cell become less electron dense and their structure begins to become damaged. As 
shown in Fig. 16, a number of myofibrils are torn into pieces consisting of one to 
three sarcomeres. The breakdown takes place on the side of Z-line, the pieces being 
placed in random directions. Further, some of them are torn longitudinally. 
From these observations, it is assumed that the side of Z-line (being composed 
of thin filaments?) is the weakest part in the sarcomere structure, and that this 
part is first influenced by some physiological changes during contraction of the 
tail muscle. The sarcomere in the retracted tail is 0.8,, in length, the contraction 
being about 40 per cent of the length of the sarcomere in free-swimming tadpoles. 
As a result of such a contraction, the distance between the two M-sublines, the 
width of I-band and of H-band become very small and invisible (Fig. 17). In the 
completely retracted tail, the muscle cells including small01· pieces of the myofibril 
or only filamentous components are occasionally observed (Figs. 18, 19). 
Experiments by BERRILL (1947) suggested that the shrinkage of the epider-
mis due to nutritional exhaustion may be the mechanical force initiating tail 
retraction, and the role of the notochord and muscle tissue appears to passive. 
Recently, 0LONEY (l961a, b, 1963) studied in detail the histological observations 
on the ascidian larva in metamorphosis based on investigations of living materials 
and sections prepared for light and electron microscopes. By the experiments 
in an excision and a partial collapse of the tail, 0LONEY (19.61 a, 1963) emphasized 
that the involution of the tail is caused by the contraction of the epidermis. 
However, WEiss (1928) showed that the involution of the tail of Oiona intesti-
nalis is caused by the contraction of the caudal epidermis and the tonic con-
traction of the musculature. GRAVE (1935) also concluded that in Ascidia nigra 
the contraction of the muscle cells and the elasticity of the mantle (epidermis) 
are responsible for the initial resorption of the tail. The present observations 
suggest that the contraction of the muscle has an important role at the start ·of 
tail retraction and some other force also is (necessary for complete resorption of 
the tail structure. 
Tail Retraction and ATPase 
In the first place, the activity of KCl-soluble ATPase in the free'swimming 
tadpole was measured. Parallel to this measurement, the effecte of ethylenedi-
amine tetracetate (EDTA) and of Ca ··on the activity of ATPase were tested. One 
of the results is shown in Table 1. It is clearly indicated that the activity of the 
ATPase is decreased by EDTA bnt increased by Ca · · . 
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Table I 
Effect of EDTA and Ca · · 011 th ATPaso extracted from free-swimming tadpoles 
(pg P /mg protein/! hr.) Temp. 30°0 
Sample batch Control* Addition of 0.8 mM 
Addition of 0.4 ml\f 
EDTA CaC12 
I 45.5 36.0 66.1 
II 28.1 25.6 44.7 
III 32.6 15.7 42.9 
* The control incubation was performed in 5 ml of the reaction mixture con-
taining 1 ml of enzyme solution, 4 mM tris-maleate buffer solution (pH 8.0), 6 mM KCl 
and 50pM ATP. 
Secondly, ATPase activity was measured in the larvae at various stages: viz. 
tail-bud, pre-hatching, free-swimming, retracted-tail and resorbed-tail stage. The 
result is shown in Fig. 20. The activity increases gradually in parallel to the 
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Fig. 20. Changes of ATPase activity in tho early stages of metamorphosis 
in Ghelyosoma siboya OKA. 
It is considered that the activity of ATPase is mostly derived from the com-
ponents of the tail muscle, because at the stage of free-swimming larva the muscle 
is found ouly in the tail, and actomyosin-ATPase of muscles is generally soluble 
in 0.6M KCl medium. The increase of ATPasc activity in the early stages of 
metamorphosis may indicates that the degenerated or histolysed tailm11Scles are 
198 M. ISHIKAWA; E. HIHAI and T. NUMAKUNAI 
not discharged from the tnmk part, and that the resorbed tail is used for the 
increase of some chemical changes, such as phosphorus metabolic changes, which 
are related to the induction of the trunk metamorphosis. 
SUMMARY 
The changes of the submicroscopic structure of the tadpole's tail in the ascidian, 
Ohelyosoma siboya 0KA, were studied with the electron microscope. Observations 
were made with particular attention to the musclar structure. When the tail is 
retracted, the myofibrils in the muscle cell are broken into some pieces consisting of 
a few units of sarcomere, and are then torn into fragments of filamentous com-
ponents. In the next place, the activity of 0.6M KCl-soluble ATPase was 
measured during the development from the tail-bud stage to the resorbed tail stage. 
The activity increases steadily throughout all the stages of growth, retraction and 
resorption of the tail. From these results, a possible role of the retracted tail in the 
later development is suggested. 
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EXPLANA'l'ION OF PLATE V. 
Tunic 
Fig. I. The tunic under low magnification, showing tho position of the outer 
coat (00), inner coat (10) and ectoderm (Ed). 
Fig. 2. The outer coat o£ tho tunic, showing three layers. 
Fig. 3. The first and second layer in the outer coat. 
Fig. 4. Porous granul~s (PG) embedded in the third layer of the outer coat. 
EXPLANATION OF PLATE VI. 
Ectoderm 
Fig. 5. The epidermal cell and the inner coat of the tunic, showing the well-developed 
tubular endoplasmic reticulum (ER), vesicles (Vs), small granules (SG), mitochondria (M), 
large granules (LG) and nucleus (N). 
Fig. 6. The free cell underneath the ectoderm (Ed) on the proximal end of tl~e tail, 
showing the vacuoles (Vc) filled with filamentous inclusions. 
Fig. 7. The free cell without inclusions in the vacuole. 
EXPLANATION OF PLATE VII. 
Muscle 
Fig. 8. 01'oss section of two muscle cells. Note that no myofibrils can be seen in 
the periphery, where the two muscle cells contact with each other. M, mitochondria, 
Mfb, myofibril, Nc notochord, LpG, lipochondria-like granule. 
Fig. 9. Oblique cross section of myofibrils showing an arrangement of myof:i.laments 
(Mjl). ' 
Fig. 10. Cross section of the muscle cell showing myofibrils, mitochondria and 
vesicular endoplasmic reticulum (ER). 
Fig. II. Longitudinal section of myofibrils showing the subunits of the sarcomere 
structure. Note two M-sublines are indicated by arrows. OM, chordal membrane. 
EXPLANATION OF PLATE VIII. 
Notochord 
Fig. 12. Longitudinal section of the notochrod, showing that one structural unit of 
the notochord is composed of three parts, the external (Ex), internal (In) and central (Ce). 
Ms, muscle~ LG, large granule. 
Fig. 13. Transverse Section of the notochord through the terminal reagion of the 
internal part. Magnificantion is the same to that of Fig. 12. 
Fig. 14. The external part of the notochord in the same section used for Fig. 13. 
Note the vacuoles (Vc) include tiny fibrous components, large granules and mictochondria 
(M). GM, chordal membrane. 
Fig. 15. The internal part of the notochord in the same section used for Fig. 13. Note, 
the foamy vacuoles (Vc) and large granules. 
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EXPLANATION OF PLATE IX. 
Muscle cell in the Tetmcted tail 
Fig. Hi. Myofibril fragments oriented in indifinite directions. Note that fragmentaion 
takes place near t he Z-line (aTrows) and the fragments consist of one to three sarcomeres, and 
that lipochndria-like granules having lost their osmium affinity are scattered in coarsened 
cytoplasmic ground. LpG, lipochondria-like granules, Jlf, mitochondria, Mjb, myofibrils. 
EXPLANATION OF PLATE X. 
Fmgments of myofibril in 1·etmcted tail 
Fig. 17. A piece of myofibirl in t he muscle cell. Note t hat fragmentation of the 
myofibril takes place near the Z-line (Z), and t hen the fragments are torn longitudinally 
into pieces of myofilament bandlets (FB ). 
Fig. 18. Fmther breakdown of the myofibril into smaller filament bandlets (FB). 
F ig. 19. Elemental fibrous components derived from the myofibril. 
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